beta-Adrenergic stimulation induces acetylcholine to activate ATP-sensitive K+ current in cat atrial myocytes.
Our previous work on atrial myocytes suggested that the effect of acetylcholine (ACh) to increase K+ conductance can be potentiated by prior loading of the sarcoplasmic reticulum (SR) with Ca2+. The present study, therefore, sought to determine whether prior exposure to isoproterenol (ISO) potentiates ACh-induced increases in K+ conductance and the underlying mechanisms. A nystatin-perforated patch whole-cell configuration was used to record from cat atrial myocytes. Voltage-clamp ramps (40 mV/s) were used to assess total membrane conductance. The experimental protocol consisted of two consecutive 30-second ACh exposures (ACh1 and ACh2) separated by a 6-minute recovery period in ACh-free solution. In general, experimental interventions, such as exposure to ISO, were imposed during the period between ACh1 and ACh2 to determine their effects on the response to ACh2 in relation to ACh1. Under control conditions, K+ conductances induced by ACh1 and ACh2 were not different from one another with or without activation of L-type Ca2+ current (ICa,L) during the recovery period. When 1 mumol/L ISO plus ICa,L activation was imposed during the recovery period, ACh2 induced a significantly larger increase in K+ conductance than ACh1. The ACh2-induced K+ current potentiated by ISO was time independent and selectively blocked by 10 mumol/L glibenclamide and therefore identified as ATP-sensitive K+ current (IK,ATP). The effect of ISO to induce ACh2-activated IK,ATP was mimicked by 1 mumol/L forskolin or 200 mumol/L 8-(4-chlorophenylthio)-cAMP, but not by 0.5 mumol/L BAY K 8644, and was selectively abolished by (1) 5 mumol/L thapsigargin or 1 mumol/L ryanodine, agents that prevent accumulation of SR Ca2+, (2) inhibition of L-type Ca2+ current (ICa,L) by 1 mumol/L nisoldipine or zero external Ca2+, (3) 50 mumol/L Rp-cAMPs, an inhibitor of cAMP-dependent protein kinase A, or (4) 2 mumol/L propranolol. Atropine (1 mumol/L) abolished all ACh-induced currents. Moreover, ACh2-activated IK,ATP was selectively blocked by 0.2 mumol/L pirenzepine, an M1 muscarinic receptor antagonist, or 0.1 mumol/L calphostin C, a selective inhibitor of protein kinase C. AFDX116 (100 mumol/L), an M2 muscarinic receptor antagonist, blocked the conventional ACh-activated K+ current and revealed ACh2-activated IK,ATP. These results indicate that prior exposure to ISO potentiates ACh-induced increases in K+ current via ACh-activated IK,ATP.(ABSTRACT TRUNCATED AT 400 WORDS)